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be demonstrated. Several intimal ruptures were found in the
aortic arch and also in the abdominal aorta surrounded by a
fresh hematoma in the region of the psoas muscle. The prox-
imal entry of the dissection was located in the ascending aorta,
2.5 cm distal to the aortic valve.
Comment. Subclavian and axillary artery aneurysms account
for about 1% of all peripheral artery aneurysms. Most of them
are caused by an impingement of the artery in thoracic outlet
syndrome. Infections, atherosclerosis, trauma, and aneurysms
associated with arteritis are rare findings.2 Subclavian artery
aneurysms in combination with arteriovenous malformations
and EDS have not been reported in the past 30 years.
The patient’s history of congenital orthopedic defects, the
findings at the first operation (left axilla), the secondary
wound healing, and the angiograms showing the multiple arte-
riovenous malformations accompanied by the aneurysmal
dilation of the subclavian artery could have led to the suspi-
cion of a hereditary connective tissue disorder like EDS before
the second procedure. On the other hand, the patient had no
abdominal signs of the disease, and, as confirmed by autopsy,
no intestinal abnormalities were present. Correlating to this
case, most patients with major vascular complications of EDS
have few, if any, of the commonly recognized musculoskele-
tal and cutaneous abnormalities.3 Furthermore, although uncom-
mon, EDS type IV is known as an important potential cause of
stroke in early adulthood. Because patients with EDS are
prone to complications of spontaneous arterial rupture, nonin-
vasive diagnostic procedures (computed tomography and
magnetic resonance imaging, including 3-dimensional image
reconstruction) are predominantly applied. Nevertheless, the
best visualization of the vascular malformations—necessary
for planning the second operation—was achieved with digital
subtraction angiography (Fig 1). The bleedings in the left axilla
after heparin treatment indicate that anticoagulation therapy
may result in increased bruising or bleeding in patients with
EDS type IV as well and should be used with caution.
For operative therapy of subclavian artery aneurysms in
general, different approaches (eg, sternotomy, posterior left
thoracotomy) and special surgical techniques have been
described.4 Salo and associates5 preferred the ligation of the
subclavian artery and correction with an extra-anatomic
bypass graft between the carotid and subclavian arteries,
because this is technically easier and has long-term results
similar to those of resection of the aneurysm and direct
reconstruction.5 With regard to the potential hazardous
effects, surgical treatment should consist of the simplest pro-
cedure available. In this case, surgical repair of the aneurysm
and the fistula between the subclavian artery and the superi-
or vena cava, accompanied by multiple smaller fistulas, car-
ried a risk of significant blood loss. Cardiopulmonary bypass
was established to overcome this problem. We are aware that
the site of arterial cannulation in the ascending aorta might
have been the underlying cause for the subsequent rupture. At
autopsy, however, the site of aortic dissection and subsequent
rupture was found to be located 2 cm proximal to the position
of the aortic cannula. Bearing in mind the vascular fragility in
many of these patients, diagnostic means and potential sub-
sequent surgical therapy should be as minimally invasive and
traumatizing as possible.
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CEREBRAL VENOUS THROMBOSIS AFTER THE FONTAN PROCEDURE
William R. Wilson, MD, Georgia E. Greer, MSN, and Joseph D. Tobias, MD, Columbia, Mo
The Fontan procedure for repair of single ventricle has
become one of the most commonly performed procedures in
children with congenital heart disease. Despite improving
outcomes, significant neurologic morbidity is seen after this
operation. A number of considerations unique to the Fontan
procedure and single ventricle physiology have been suggested
as predisposing factors for stroke. Sluggish systemic venous
flow, arrhythmias, alterations in humoral coagulation sys-
tems, and the presence of intracardiac foreign material may
predispose to thrombosis. Fenestrations of the atrial tunnel
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and the stump of a ligated pulmonary artery have been shown
to be sources for cerebral embolization.1
Cerebral venous thrombosis has been suggested as a poten-
tial cause of neurologic injury after the Fontan procedure but
has yet to be documented.2 Increased systemic venous pres-
sure after the cavopulmonary connection is transmitted to
cerebral veins and may lead to stasis and thrombosis. We
report a case of central venous thrombosis after a Fontan pro-
cedure and suggest that when neurologic problems develop
after cavopulmonary connection, this potentially treatable
cause of neurologic injury be considered.
Clinical summary. The patient was a 22-month-old girl
with aortic atresia, hypoplastic left ventricle, unbalanced atri-
oventricular canal, common atrium, bilateral superior venae
cavae, interrupted inferior vena cava with azygos continuation,
polysplenia, and situs inversus who was referred for an elective
Fontan procedure. This child’s 2 previous cardiac operations
consisted of a Norwood stage I repair at 5 days of age and a
bilateral bidirectional Glenn shunt at 7 months of age. At the
time of the completion Fontan operation, she was receiving no
medication, had begun to walk, and was growing well. 
The Fontan procedure was performed during a continuous
period of cardiopulmonary bypass and moderate hypothermia
at 32oC. Hepatic venous return was baffled through a lateral
atrial tunnel to an augmented confluence of the right and left
pulmonary arteries. A 4-mm fenestration was created in the
lateral tunnel. The patient was weaned from cardiopulmonary
bypass with the aid of low-dose intravenous infusions of
dobutamine, dopamine, and milrinone. 
On the morning of postoperative day 1, the patient was
doing well hemodynamically and was extubated. Six hours
later she became somnolent and had focal seizures of the left
arm and leg, which were controlled by phenytoin and pheno-
barbital. The electroencephalogram showed no focal abnor-
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Fig 1. A, Computed tomographic scan without contrast medium shows blood in the straight sinus as dense white
line between the occipital hemispheres. B, A magnetic resonance imaging scan in the frontal projection demon-
strates an absence of flow void in the midsagittal sinus caused by clot from cerebral venous thrombosis shown as
a white opacity. C, Magnetic resonance imaging shows subdural blood in the left occipital area from an associ-
ated venous infarct caused by cerebral venous thrombosis
malities but some diffuse symmetric high-voltage delta slow-
ing. A computed tomographic scan (Fig 1, A) showed a
venous thrombosis of the straight sinus extending into the
midsagittal sinus. Magnetic resonance imaging of the brain
(Fig 1, B and C) confirmed a central venous thrombosis
involving the sagittal sinus with a venous infarct of the right
occipital region with an associated hematoma. The patient
was started on a regimen of aspirin. Over the next 3 days she
continued to have a flaccid left arm and leg, but by postoper-
ative day 4 she was much more alert. By postoperative day 10
the patient was without seizures, moving all extremities, and
was discharged to her home. Her coagulation profile was nor-
mal except for reduced protein C activity. In the ensuing 7
months since the operation she has had no further seizures,
has normal strength bilaterally, and mild hyperreflexia of the
left ankle and left knee. She has good ventricular function
with normal growth and development. 
Discussion. Thromboembolic complications have been
noted in a high percentage of patients undergoing a success-
ful Fontan procedure. Rosenthal and coworkers2 reported an
incidence of 29%, the majority of thromboemboli occurring
in the systemic venous circulation and causing no symptoms.
The incidence of documented stroke after the Fontan proce-
dure is lower (3%-9%).3 Abnormalities of the coagulation
system may contribute to the high incidence of thromboem-
bolism in patients after the Fontan procedure, most likely as
acquired defects resulting from decreased hepatic synthesis.4
Cerebral venous thrombosis caused by thrombosis of the
major dural sinuses and adjacent dural veins has been report-
ed in a variety of clinical conditions including cyanotic heart
disease and hypercoagulable states. The superior sagittal sinus
is the most common site, but the thrombosis may involve lat-
eral sinuses or straight sinuses that drain into the internal
jugular vein. Thrombosis may extend to cortical veins lead-
ing to rupture and a hemorrhagic infarct of the white matter.
The clinical course is highly variable, and patients with cere-
bral venous thrombosis may have headache or focal physical
signs. Up to one third may have focal seizures. Outcomes are
also variable, with the majority of patients recovering with-
out sequelae.5 Improved imaging techniques make cerebral
venous thrombosis more readily identified, and mortality is
now estimated at 5.5%. Computed tomographic scan and
magnetic resonance imaging may be diagnostic for cerebral
venous thrombosis. Current recommendations for treatment
include complete anticoagulation with heparin for worsening
symptoms in the absence of associated hemorrhagic infarct. 
In conclusion, we report a case of cerebral venous throm-
bosis in a patient after a Fontan procedure. We suggest that
this group of patients may be particularly at risk for cere-
bral venous thrombosis because of sluggish flow in the
internal jugular vein, coagulation abnormalities associated
with the Fontan physiology, and increased cerebral venous
pressure. Investigation of neurologic problems after a
Fontan procedure should include magnetic resonance
imaging to detect cerebral venous thrombosis as a potential
treatable cause. 
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MODIFICATION OF ANTERIOR APPROACH TO SUPERIOR SULCUS TUMORS
Takamasa Onuki, Masahide Murasugi, Masahiro Mae, Yasuyuki Sone, Junichi Kei, and Sumio Nitta, Tokyo, Japan
A combination of radiotherapy and radical resection has
become the standard treatment for bronchogenic carcinoma of
the superior pulmonary sulcus. When an operative procedure for
the anterior type of superior sulcus tumor is applied, especially
with large vessel involvement, 2 approaches have been reported.
In the first approach, the clavicle is preserved or reconstructed,
but with deep narrow exposure. In the second, the clavicle is
resected, widening the operative field. In our study, with a mod-
ification of the second approach, bone structure, including parts
of clavicle, the anterior portion of the first rib, and the parts of
the sternum were preserved and reconstructed.
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